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(54) Modular thermal expansion valve and cartridge therefor 

(57) An improved thermally responsive expansion 
valve (10) for use in controlling flow of refrigerant in a 
circulating system has a cartridge sub-assembly (12) 
with a fluid charged diaphragm capsule (14), an operat- 
ing rod mechanism (50), a valve seat (40) and captured 
valve obturator (44). A tubular extension (38) with the 
valve seat (40) is adjustably threaded onto the capsule 
(14). The cartridge subassembly (12) may be thermally 
pre-calibrated before installation in a blind bore in a 
valve body. During calibration, the tubular extension 
(38) is rotated to adjust the diaphragm (20) and operat- 
ing rod mechanism (50) to provide the desired obturator 
movement from the valve seat (40) at the calibration 
temperature. 
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Description 

CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] Not Applicable 

STATEMENT REGARDING FEDERALLY SPON- 
SORED RESEARCH OR DEVELOPMENT 

[0002] Not Applicable 

MICROFICHE APPENDIX 

[0003] Not Applicable 

BACKGROUND OF THE INVENTION 

[0004] The present invention relates to expansion 
valves of the type employed for controlling flow of refrig- 
erant in refrigeration and air conditioning systems. Typi- 
cally, in an air conditioning system, such as those 
employed for automotive passenger compartment cool- 
ing, an expansion valve throttles the flow of pressurized 
liquid refrigerant flowing from the condenser at relatively 
high pressures to provide relatively low pressure flow to 
an evaporator for heat absorption and return therefrom 
to the compressor inlet. In particular, expansion valves 
employed for controlling flow of liquid refrigerant to an 
evaporator in an automotive air conditioning system are 
of the type known as a "block" valve, wherein the valve 
body or block has a separate return flow passage pro- 
vided therethrough in which vaporized refrigerant dis- 
charged from the evaporator flows to permit heat 
transfer therewith for control purposes. 
[0005] Examples of such block type thermal expan- 
sion valves for automotive air conditioning use are those 
shown and described in U.S. Patent 4,542,852, U.S. 
Patent 5,269,459 and U.S. Patent 5,547,126. 
[0006] Heretofore, known thermal expansion valves 
have employed an actuator rod mechanism for moving a 
valve member and to expose the rod mechanism to the 
refrigerant flowing in the return passage to the com- 
pressor for heat transfer therebetween. It is also known 
to employ heat transfer through the rod to provide a 
temperature signal which in turn operates a pressure 
responsive means connected to the actuator rod mech- 
anism for controlling the function of the expansion valve 
in response to changes in the temperature of the refrig- 
erant discharging from the evaporator. 
[0007] It is also known to provide a fluid filled chamber 
having pressurized fluid therein which acts upon a dia- 
phragm as the pressure responsive means to move the 
valve actuator rod mechanism. It is also known to have 
a potion of the rod filled with the pressurized fluid to 
thereby be in heat transfer relationship with the refriger- 
ant flowing through the return passage to the compres- 
sor inlet. 

[0008] Such known thermal expansion block valves 



employed for automotive air conditioning applications 
have required precision machining of surfaces in the 
block for providing the build up or assembly of the valve 
on the block and provide accurate controlling of the 

s valving action. Typically, the passages, pots and partic- 
ularly the valve seat in the block have necessitated 
costly set up and machining operations from opposite 
ends of the block and have resulted in relatively high 
manufacturing costs for valves employed in high volume 

w automotive applications. Furthermore, it has been 
required to completely assembly the valve components 
on the block in order to perform calibration and testing of 
the valve. This has resulted in costly assembly and test- 
ing operations and has prevented the detection of 

is defective parts or assembly until the entire valve has 
been fully assembled. 

[0009] Furthermore, the construction of known ther- 
mal expansion block valves has required expensive 
machine set ups for controlling the tolerances and loca- 

20 tion of the surfaces in the block for assembly of the valve 
components. Known block type thermal expansion 
valves for automotive air conditioning applications utilize 
an aluminum block which required that the machining 
operations be performed prior to application of anodic 

25 coating and thus precludes continuous manufacturing 
operations from the machining of the block to a final 
assembly and testing of the valve. 
[0010] It has, therefore, long been desired to provide 
a way or means of providing a thermally responsive 

30 expansive valve for control of refrigerant in a refrigera- 
tion or air conditioning system such that the operating 
components of the valve may be assembled and cali- 
brated prior to final assembly. It has also been desired 
to provide a thermally responsive expansion valve of the 

35 block type in a manner which minimizes the need for 
tight tolerance control of the location and machining of 
the valving surfaces in the block and which may be 
machined in a single set up and assembled in a contin- 
uous process. 

40 

BRIEF SUMMARY OF THE INVENTION 

[0011] The present invention provides a thermally 
responsive refrigerant expansion valve of the block type 

45 which is particularly suitable for automotive air condi- 
tioning systems. The thermally responsive expansion 
valve of the present invention utilizes a preassembled 
and precalibrated cartridge including a fluid charged 
capsule valve operating rod mechanism and valve obtu- 

so rator and valve seat the cartridge subassembly can be 
fabricated and calibrated as a separate unit which is 
then assembled into a blind bore formed in one ported 
end of the valve block. The thermally responsive expan- 
sion valve of the present invention eliminates the need 

55 for machining the block and assembly of the compo- 
nents from opposite ends of the block. The thermally 
responsive expansive valve of the present invention pro- 
vides a valve which may be calibrated and tested for 
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leakage prior to final assembly and which may be 
assembled from one side or end of the block. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 

[0012] 

FIG. 1 is a cross-section of the assembled ther- 
mally responsive expansive valve of the present 
invention; 10 
FIG. 2 is a section view taken along section indicat- 
ing lines 2-2 of FIG 1 ; and 

FIG. 3 is a section view of the cartridge including 
the fluid filled capsule operating rod mechanism 
and valve obturator for assembly into the block of 15 
FIG 1. 

DETAILED DESCRIPTION OF THE INVENTION 

[0013] Referring to Figures 1 through 3, the valve 20 
assembly of the present invention is indicated generally 
at 10 and includes a cartridge subassembly indicated 
generally at 12 which includes a fluid filled capsule indi- 
cated generally at 14 which has an upper shell 16 and a 
lower shell 1 8 which are joined together at their periph- 25 
ery with a thin diaphragm 20 disposed therebetween 
generally in sandwiched arrangement The shell 16, 18 
and diaphragm 20 are secured peripherally and sealed, 
by any suitable expedient as for example weldment as 
denoted by reference numeral 22 in Figure 3. 30 
[0014] The upper shell 16 forms a chamber 24 above 
the diaphragm 20 which is charged with a suitable fluid, 
as for example, refrigerant and is sealed at charging by 
plug 26. The lower shell 18 has a hub portion 28 which 
is threaded externally and internally with an annular cap 35 
or adjustment member 30 threadedly engaging the 
internal threads in hub 28, it being understood that the 
cap 30 is rotatable for axial adjustment in the hub 28. 
[001 5] Diaphragm 20 has a hollow tubular member 32 
attached at its upper end preferably centrally thereto 40 
with the interior hollow of the member 32 communicat- 
ing with the fluid charged chamber 24 and the opposite 
or lower end closed. A stiffening or backing plate 34 is 
provided about the central region of the undersurface of 
diaphragm 20; and, the upper end of a spring 36 is reg- 45 
istered against the undersurface of plate 34 with the 
lower end of spring 36 registered on the bottom of a 
counterbore 31 formed in the cap 30. 
[0016] A tubular extension member 38 has an end 
thereof attached to the cap 30 with the closed end of so 
tubular member 32 extending downwardly within the 
extension 38. 

[0017] Extension 38 has an annular valve seat 40 
formed at the bottom of a bore 42 formed in the lower 
end of the extension 38 with a valve obturator in the 55 
form of a spherical member 44 disposed on the valve 
seat 40. The extension 38 has a pair of deformable tabs 
46, 48 formed in the wall of counterbore 42 with a com- 



pression spring 50 captured by the tabs which are 
deformed to the position shown in Fig. 3 to detain the 
lower end of the spring 50 with the upper end thereof 
registered against and biasing the valve member 44 
upwardly against the valve seat 40. 
[0018] An operating rod 52 is received in the tubular 
extension member 38 with the upper end thereof con- 
tacting the closed end of the tubular extension 32 and 
the lower end of rod 50 contacting the spherical valve 
member 44. 

[0019] The extension 38 is cross ported at ports 54, 
56 in the upper region thereof, to permit refrigerant fluid, 
in a manner as will hereinafter be described to enter the 
interior of the extension and to be in heat transfer rela- 
tionship with the tubular member 32 which is filled with 
the fluid in chamber 24. 

[0020] The member 38 is also cross ported in the 
lower region thereof as denoted by reference numerals 
58, 60 to permit refrigerant flowing over the valve seat 
40, upon opening thereof, to flow to the interior of exten- 
sion 38 and outwardly through the ports 58, 60. 
[0021] It will be understood that the upper portion of 
the operating rod 50 has a dimensionally precision or 
controlled diameter so as to closely interfit the inner 
diameter of extension member 38 to permit only a very 
small leakage of fluid around the operating rod and into 
the region of the cross ports 54, 56. 
[0022] In order to calibrate the cartridge subassembly 
12, the capsule 14 is placed in a suitable fixture (not 
shown) and the capsule exposed to fluid at a prese- 
lected temperature for calibration. Fluid pressure is sup- 
plied in an isolated manner in a fixture (not shown) to 
the lower end of the extension 38. The cap 30 is then 
rotated with respect to lower shell 28 to adjust the tubu- 
lar extension 32 against operating rod 50 to open valve 
44 to produce a desired flow though outlet ports 58, 60. 
Once calibrated, the cap 30 then may be secured rota- 
tionally with respect to lower shell 28 by a suitable expe- 
dient, as for example, an anaerobic adhesive or staking. 
[0023] Once the cartridge subassembly 12 has been 
calibrated, it is removed from the unshown calibration 
fixture and is inserted into blind bore 62 formed in an 
end or side of the valve block 64. 
[0024] The external threads of hub 28 of the capsule 
14 engage threads 66 provided in a counterbore or 
enlarged diameter portion 68 formed in the upper end of 
the bore 62 in block 64. An annular seal ring 70 is pro- 
vided in an annular groove in the upper end of the block 
64 for effecting a seal between the lower shell 18 and 
the end of the block 64. 

[0025] An annular seal 72 is provided in an annular 
groove on the extension member 38 with the groove dis- 
posed between cross ports 54, 56 and cross ports 58, 
60 for sealing between the extension 38 and the bore 62 
formed in the block. An additional annular seal ring 74 is 
provided in an annular groove formed in the extension 
38 and is disposed between the cross ports 58, 60 and 
the lower end of the extension 38 and seals between the 
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extension 38 and the bore 62 of the block 64. Thus, the 
ports 58, 60 are isolated between the seal rings 72, 74 
and communicate exclusively with an outlet passage or 
port 76 formed in the block. A high pressure inlet pas- 
sage or port 78 is formed in the block 64 and is located 
below the seal ring 74 such that port 78 communicates 
exclusively with the movable valve member side of the 
valve seat 40. 

[0026] Block 64 also has a through passage 80 
formed therein spaced from the passages 76, 78 and 
disposed to communicate exclusively with cross ports 
54, 56. Through passage 80 is isolated from outlet port 
58 by annular seal ring 72. 

[0027] Thus, in operation as the flow through passage 
80 and ports 54, 56 effects heat transfer through the 
wall of tubular member 32 and to the fluid in the interior 
of tubular extension 32 and chamber 24. The expansion 
and contraction of the fluid in the chamber 24 causes 
movement of diaphragm 20, rod 50 and the valve mem- 
ber 44 which controls flow between the high pressure 
inlet of the valve and the outlet passage 76. 
[0028] It will be understood that the valve assembly 1 0 
is typically connected in a refrigeration or air condition- 
ing system with the refrigerant flow from the condenser 
entering ports 78 and the reduced pressure expanded 
flow in outlet passage 76 connected to the inlet of an 
evaporator (not shown) with the evaporator discharge 
passed through passage 80 for return to the inlet of the 
compressor (not shown). 

[0029] The present invention thus provides a unique 
construction and method of assembly for a refrigerant 
expansion valve having a cartridge subassembly includ- 
ing the thermally response fluid filled capsule and oper- 
ating rod and high pressure valve member 
preassembled as a unit and which may be precalibrated 
prior to installation in a valve receptacle or body. 
[0030] The cartridge subassembly has a threaded 
extension on the thermally responsive capsule, adjust- 
ment of which provides for setting the preload and 
opening point of the valve at a predetermined calibra- 
tion temperature; and, the cartridge requires no further 
calibration upon assembly into the valve body. The car- 
tridge subassembly eliminates the need for precision 
machining and location of a valve seat and tight toler- 
ance control in machining the valve body. The blind bore 
in the block for receiving the cartridge is machined and 
threaded from one end of the block requiring only a sin- 
gle machine set-up; and, the need for machining of the 
opposite block end is eliminated. The present invention 
thus provides an easy to manufacture and assemble 
reliable and reduced cost expansion valve for use in 
refrigeration or air conditioning systems and is particu- 
larly suitable for high volume mass production of auto- 
motive air conditioning systems. 
[0031] Although the invention has hereinabove been 
described with respect to the illustrated embodiments, it 
will be understood that the invention is capable of mod- 
ification and variation and is limited only by the following 



claims. 
Claims 

5 1 . A thermally responsive cartridge for use in a refrig- 
erant expansion valve comprising: 

(a) a fluid filled capsule including a pressure 
responsive moveable wall and including a hoi- 

10 low tubular extension member depending from 

said capsule; 

(b) a hollow plunger moveably received in said 
capsule and having an end thereof connected 
to said wall for movement therewith; 

is (c) said extension member defining an annular 

valve seat distal said moveable wall; 

(d) an obturator disposed for movement with 
respect to said valve seat, said extension mem- 
ber including structure operative to cage said 

20 obturator in position over said valve seat; and, 

(e) an operating member contacting said 
plunger and said obturator for effecting move- 
ment of said obturator in response to move- 
ment of said wall upon expansion and 

25 contraction of said fluid in said capsule, 

wherein said extension member includes a 
fluid flow port communicating said valve seat 
with the exterior thereof and said capsule is 
adapted for attachment to a valve block 

30 

2. The cartridge defined in claim 1, wherein said 
extension member is adjustably attached to said 
capsule. 

35 3. The cartridge defined in claim 1, wherein said 
extension member is threadedly connected to said 
capsule for adjustment with respect thereto. 

4. The cartridge defined in claim 1 , wherein said valve 
40 obturator comprises a spherical member. 

5. The cartridge defined in claim 1 , wherein said cap- 
sule includes means biasing said moveable wall in 
a direction away from said obturator. 

45 

6. The cartridge defined in claim 1 , wherein said oper- 
ating member comprises an elongated rod. 

7. A thermally responsive expansion valve assembly 
so for use in controlling refrigerant flow in a circulating 

system comprising: 

(a) a body defining an inlet port, an outlet port 
and a return flow passage through said body 

55 and spaced from said inlet and outlet ports and 

a cavity communicating with said inlet and out- 
let; 

(b) a pre-calibratable valving cartridge having a 
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fluid filled capsule including a pressure respon- 
sive diaphragm therein and a valving passage 
with a valve seat and obturator therein, and an 
operator transmitting movement of said dia- 
phragm for effecting movement of said obtura- 5 
tor with respect to said valve seat, wherein said 
cartridge is received in said cavity in said block 
with said valve seat communicating with said 
inlet and said valving passage communicating 
with said outlet, with said operator extending to 
into said through passage. 

8. The valve assembly defined in claim 7, wherein 
said cartridge is inserted into said cavity from an 
end of said body and said capsule extends exteri- is 
orly of said body. 



14. The method defined in claim 11, wherein said step 
of forming a blind bore includes drilling said blind 
bore from an end of said body distal said inlet and 
outlet ports. 



9. The valve assembly defined in claim 7, wherein 
said cartridge is received in said cavity and said 
inlet port is isolated from said outlet port by an 20 
annular seal. 



10. The valve assembly defined in claim 7, wherein 
said cartridge is sealed in said cavity by a first 
annular seal disposed to isolate said inlet from said 25 
outlet and a second annular seal disposed to iso- 
late said valving passage from said body through 
passage. 



1 1 . A method of making a thermally responsive expan- 30 
sion valve comprising: 



(a) forming a body having an inlet port, an out- 
let port and a through passage spaced from 
said inlet and outlet ports; 35 

(b) forming a blind bore in said body and com- 
municating said bore with said inlet, outlet and 
through passage; 

(c) pre-calibrating a thermally responsive valv- 
ing cartridge having a fluid filled capsule and 40 
diaphragm operated valve and inserting said 
cartridge in said blind bore and sealing said 
inlet port from said outlet port and sealing said 
outlet port from said through passage; and, 

(d) retaining said cartridge in said bore. 45 

12. The method defined in claim 11, wherein said step 
of retaining said cartridge includes threadedly 
engaging said capsule in said body. 

50 

13. The method defined in claim 11, wherein said step 
of sealing said inlet port from said outlet port 
includes disposing a first annular seal between said 
cartridge and said blind bore; and, said step of seal- 
ing said outlet port from said through passage 55 
includes disposing a second annular seal between 
said cartridge and said blind bore. 



5 



jsnnr.tn- *fp na.soaioA2 I > 



EP0 959 310 A2 

O iD O 




DOCID: <EP 095931 0A2_L> 



(19) 



(12) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets (11) EP 0 959 310 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

08.11.2000 Bulletin 2000/45 

(43) Date of publication A2: 

24.11.1999 Bulletin 1999/47 

(21) Application number: 99108678.6 

(22) Date of filing: 18.05.1999 



(51) mtci 7 : F25B 41/06, G05D7/01 



(84) Designated Contracting States: 


(72) Inventor: 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Eybergen, William Nicholas 


MC NL PTSE 


Windsor, Ontario, N9G 2P6 (CA) 


Designated Extension States: 


(74) Representative: 


AL LT LV MK RO SI 




Wagner, Karl H., Dipl.-lng. et al 


(30) Priority: 20.05.1998 US 82338 


WAGNER & GEYER 




Patentanwalte 


(71) Applicant: EATON CORPORATION 


Gewurzmuhlstrasse 5 


Cleveland, Ohio 44114-2584 (US) 


80538 Munchen (DE) 



CO 

< 



CO 

o> 

LO 

o> 
o 

CL 
111 



(54) Modular thermal expansion valve and cartridge therefor 

(57) An improved thermally responsive expansion 
valve (10) for use in controlling flow of refrigerant in a 
circulating system has a cartridge sub-assembly (12) 
with a fluid charged diaphragm capsule (14), an operat- 
ing rod mechanism (50), a valve seat (40) and captured 
valve obturator (44). A tubular extension (38) with the 
valve seat (40) is adjustably threaded onto the capsule 
(14). The cartridge subassembly (12) may be thermally 
pre-calibrated before installation in a blind bore in a 
valve body During calibration, the tubular extension 
(38) is rotated to adjust the diaphragm (20) and operat- 
ing rod mechanism (50) to provide the desired obturator 
movement from the valve seat (40) at the calibration 
temperature. 
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